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(54) ATMOSPHERIC CORROSION RESISTING 
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(57) Abstract: 

PURPOSE: To produce a refractory steel material for 
building construction, excellent in weather resistance 
and having sufficient high temp, strength and superior 
weldability, by subjecting a low carbon low alloy steel 
of specific composition to hot controlled rolling and to 
accelerated cooling under respectively specified temp, 
conditions. 

CONSTITUTION: A steel slab, having a composition 
which consists of, by weight, 0.05-0.13% C, 0.05-0.60% 
Si, 0.50-1.00% Mn, 0.30-0.50% Cu, 0.05-0.40% Ni, 



0.50-1.00% Cr, 0.005-0.08% V, 0.30-0.60% Mo, 
0.005-0.03% Ti, >0.005-0.015% Al, and the balance Fe 
and satisfies (Al/Mn)x 100=0.5 to 2.0 and also having a 
structure in which Al-Mn double oxides of 21.0^m grain 
diameter are dispersed, is used. This steel slab is 
heated to 1 000-1 200°C, hot-rolled, cooled from a temp, 
more than the Ar 3 point down to 2400°C at (3 to 
20)2C/sec cooling rate, reheated to a temp, in the 
region between 400°C and (Ac-, point +40°C), and then 
cooled at room temp., or, after hot rolling, the 
resulting hot rolled stock is cooled rapidly down to 
600-450°C at (3 to 30)°C/sec cooling rate and then 
cooled at room temp. 
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Wf t HAZ Vm<0£1t i & C * - t O & £ffl49 

[*JS] C : 0.05-0.13%. Si : 0.05-0.60%, 
Mn : 0.50-1.00%, Cu : 0.30-0.50%. Ni : 0.05 
-0.40%. Cr : 0.50-1.00%. V : 0.005 -0.080 
%. Mo : 0.30-0.60%. Ti : 0.005 -0.030 %. A 
I : 0.005 %®0.015 %£IT\ mm*Fe& Xtf^nmt) 

[(Al/Mn) X100]£ ? 0.5 -2.0 . Sgl.O ^ J2TFOAI 
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C : 0.05-0.13%, Si : 0.05-0.60%, Mn : 0. 
50-1.00%, 

Cu : 0.30-0.50%, Ni : 0.05-0.40%, Cr : 0. 
50-1.00%, 

V : 0.005 -0.080 %, Mo : 0.30-0. 60%, Ti : 0. 
005 -0.030 %, 

Al : 0.005 %S0.015 %J21T\ 

jj^o, Al kMnOJt[(AI/Mn) X100]* f 0.5 -2.0 "Cafeo 
T, ^ott-T-ESLO //in WTOAI-MntS^-fkft^ 

IC-fCH. »«6ttUi-CftfcJi*«jEtffl490 N/mm 2 « 

C : 0.05-0.13%, Si 10.05-0.60%, Mn ! 0. 
50-1.00%, 

Cu ! 0.30-0.50%, Ni : 0.05-0.40%, Cr : 0. 
50-1.00%, 

V ! 0.005 -0.080 %, Mo : 0.30-0.60%, Ti : 0. 
005 -0.030 %, 

Al ! 0.005 %jg0.015 %&sT, 

*»o##stmAI kMntf)Jt[(AI/Mn) X100]# ? 0.5 -2.0 
tiot, STutllLO J^OAI -MnlS^Klt^** 
^fitTv^fi^1000-1200 , COSjS^U*P^Ur^ 

»MffiEl£, An J^±C0SJS^^3-20 < C/f>O^ 
*PS«T400 mTit^PL, * 0*400 TC-Aci + 
40TC Oiaffi KWJnKfc L X b £<t"f 4 d t * «f« t -r 

C I 0.05-0.13%. Si : 0.05-0.60%, Mn : 0. 
50-1.00%, 

Cu : 0.30-0.50%, Ni : 0.05-0.40%, Cr : 0. 
50-1.00%, 

V : 0.005 -0.080 %, Mo : 0.30-0. 60%, Ti : 0. 
005 -0.030 %, 

Al ! 0.005 %jg-0.015 %WT, 

^oSW+^Ai fcMnOJtrt* (AI/MnX100), 0.5 -2.0 
-C&oT, e^-ttSl.O //m BLTOAI-Mntt-frBlft*** 
#ffc L T v > 4 f 1 * 1 000 - 1 200*0 Or^JSS tc in*k tt^ 
<b, SIEifi Ara Bl±oaaE*fe 3 -20C/»O» 

*PiSSC"C6oo -450 T:oaw«B4-e*»u 
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[0 0 0 1 ] 

mi± iz-t c ix tz m\m.m<xm® t % <o n » u a 

te»4 Wttft#**J U«ffl£ft4§PI#k 

simu i¥L<(i, itfcttuait. t 

«itfcflMBtt**i"*»**affl490 N/mm 2 MHRtt 
W j/cfl # k * O iz H f 4 *> O -e* 4 o 
[0 0 0 2] 

* <b £ it 4 k «9 , 5§t£^ k LTOifi^fiT 

[0 0 0 3] ^*CO5t|g«3tffl490 N/mm 2 i»iH*j"C 
ti, jAcUl»*ua*tcoi»?ix4lS5ia* t 350 T:£i@x4k, 
-tok*»a»#UK**ix**ffl»* 2 
/ 3)0217 N/mm 2 £THI4*:#>, fe»O«Lftj&*350 

20 k &4_L*Eo J: 9 ^SMS^tettv^o 

[0004] l*u mmmmmzm&mnzfrtz m 
ni'Xmr&i -cu, 6oo r^^tt4»*^s»tio2 

/ 3 J^±«r^r"f 4lftia»*0't CftfcSM* (MtAiPIW) 
«r*ffli-*ttf, »^tt«0«B&*4vw±4lfifr* f Bi6?>ix 

fcJ:&«K±#L3Wt*t*v*fc*, flM*ifi8E**600 "CJEl 
Tkftf)*««U"C**^r*Bit*«««>T*<, 

50 [ 0 0 0 5 ] S fc. 600 , CtO»A#ta»*0 2 / 3 
ja±t»JE-r4JtlBffl9l*i-kLT, #H¥3 -6322-?-& 
#UH**ftTV^4«l*t**il*&ixrv>4**, 

[0006] ^<D£7%mm&<or%&&zmfe'f2>¥& 

k LT, #HT5 -117745-§-5r*tiBB^^it^*ft^ 
Jfe>fL4o WjMC. Mo, Cr, Nb, V*0**7C*0»1: 
Sr0.15%jaT^*Jffi"t4kkt^, Ceq ^0.40%^ffi5e 
Ltv^4», Jt*WO«aWkLT«ffl**L4»*, iff 

40 7ttxmm&mzi±zixh&£Kmv>mniz± 19, tr 

[0007] k c * T% r^»tt*»«J fcttffl ? it* 
§H*tkLT(i, JIS G3l14tcffl.^Sit4j§©»dtffl»ft 
14f@*t^*4^ ? , £C0«*t(i600 < c-e^)»** t #a»* 

02/3 (217 N/mm 2 ) ^iM5.L^V^ 0 
[0 0 0 8] Slffi, l*a»*Oi-Cilfc«l*l"k LTii, 
rK>f ^ • !±Jjm&mt LTJA<«ffl^^Tv^4Cr-MofB 
*t***4o £<7)fS*t(i600 r-C^»*li217 N/mm 2 Kl 
50 ±«:*1-4**. Ceq ^v^j^d, J: ^Att 
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[0 0 0 9] 

[ffc9§ri*fi|&LJ:o fc ■*-*««] CCU, 

I»»0»ttUt Cii, »«14K-f CjtJtJt*»jtffl49 
0 N/rmi* «»jfcil»t-f-0|lljt*ftt*iift+*w4:"e 

[0 0 10] X 2£fl9!OBB<j(i, IHRtt 

is J: rrjlSillWIIftU^JSb&TC**** U S U»* 

N/mm 2 »»«tt»jAc«l*t -e-^«ii*S**«i"* - 
k-C*& 0 
[0011] 

Efajfctt*. Al, MnOt*lS:^>^fi<«6U * 

<o**b*u. Mn- a i <D&&mtvo z ws^wl z*tz>tm 

[0 0 1 2] BP*>, fi£*wOaoteT-»1ftSPI«i 
4 -362156-?-&«" H*£ -fc ? £Ti»g£ • affcttsW^f 

e>ti***, mis, aa»iiaw-c^wtt* t #<«B+^a 

[0 0 13] *fcC^*ft"C(±WK:*7Jfc (A^200 - 
1000KJ/ c m) *!>»fr-Cli4H3E«* 5)07^*7-7 
x7^h (IGF) OtSm-Cft < &»&HAZ «L14**» 

[0 0 14] ±tB»H<03£BROfc«>. jSfiSHfCAI/Mn 
£ n > V n - >1- & £ k TJfcttflSjS* K£Jfi L 9 £ Mn- 

9 * <PSrt&-ki::<fc 0, «*lc¥*Mfcftl /<m AT 

BMSftWFKfclGF HAZ tttt*lftJti-*ii: 

[0 0 15] £*3, illi, ±&+&*ttW<OlHttNo.1 
oa^^<>^*i^^a©T-AI/MnJt^a^^m^^?t 
fc §0^£^I*10AI/Mn Jtk^ttSk^BBffiSr^-r^ 

[0016] ::c, «Mii«>Mrk+* S 

C ! 0.05-0.13%, Si : 0.05-0.60%. 
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Mn : 0.50-1.00%, Cu : 0.30-0.50%. Ni : 0.05 
-0.40%, Cr : 0.50-1.00%, V : 0.005 -0.080 
%, Mo : 0.30-0.60%, Ti : 0.005 -0.030 %, A 
I : 0.005 %i@0.015 %WT> 5M&**Fe*J J: V^f pTilfi-J 
*«tt*»fctt&fll&ia*#U *^ AlkMnOJtKAl/ 
Mn) X100]**0.5 -2.0 -C*ot\ ^ottT-jtgl . 0 ^ 

ftfc®SI»i8ffi490 N/mm 2 

[0017] i^, mnmfrba, ^ftwoBBk-r* 

kd^ii, M4%T\ C : 0.05-0.13%, Si :0.05 
-0.60%, Mn : 0.50-1.00%, Cu : 0.30-0.50%, 
Ni : 0.05-0.40%, Cr ! 0.50-1.00%, V : 0. 
005 -0.080 %, Mo : 0.30-0.60%, Ti 10.005 - 
0.030 %, Al : 0.005 %£S0.015 %J^T, JMf^FeiS X 

AIkMnOjfc[(AI/Mn) X100]M).5 -2.0T**oT, 
■T-KSI.O yum WTOAI-Mna^Mffc^^lfcL-Cv^ 
iH^1000-1200 < CO^SitC*D^LT^^, &HJ£ffi 
20 f£, Ars £X±<n&8tfrb 3 -20 < C/t><7)^iPiSS^400 
t£lTi"«frSJU *<D&400 r-Aci +40*CO^SC 
WJO«tL-C*»?>ffi*fr-r&ik*fl*fRki-*^ *Aii§g 

490 N/mm 2 ^MtAiHWoStiS^ffitri^o 
[0 0 18] *?>U8UO!B*»?>(i> #5£Wli±K§B«JS; 

Ars £l±tf>a*rt»<b 3 -20t:/t>O^PiSJt"e600 -45 

k+**AJft»»«Me#»oattlc-j-C*t, W*tt^i" 
50 CtL^a^#^ffl490 N/mm 2 

<l) o 

[0 0 19] ;<DJ;^i:, *»MUJ:iitf, iSSSIfC 
£SLfc-hi£OAI -Mrftt&flMk*^ SKEiC^io 

[0 0 2 0] 

^MAfjbio ccoi^ic haz -ciiX-z-ri-J hU 

[0 0 2 1 ] ^WCJiAI-MnOtt-fraEfbttOtRlfflS 1 ?- 
Ttm ■ mVcM&f- t v»*>ivtv»4*<0 
50 HOO^ffltft#-t-S<l tlCioTHAZ <oa«Sr^fc? 
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[0 0 2 2] a ) fttffl &Rfc - aft******* -7*7- 1-4 
[0 0 2 3] b) y -««tt*K, fMHjM*Lfc»-a 

itVstt^tf&tZory^v'i Y<v±f&*nmL, HAZ 

-*) o 

[0 0 2 4] r -teMCi^ «rKa) m^Ltz 

[0 0 2 5] ZZX\ #%9JTM±. ±EO«i4«*« 
fbWtitf'Kftx.T, Al/Mn «*ltfb«^«E»*fllfflLJ: 
Unw*oT, ltd. *»WUJ:tutf, + 
eDAI/Mn<7)it£ n > h o-;ui"^ Z t T% SfSlUiSV^T 
t £t£ 4 A I - Mnlfc-frBMb* * L *6 & C k **-C § , 

Ri:*"f^ #^}§fH*<7)AI/Mn0 3> hn-;MCj; 

[0 0 2 6] L^4>. iOAI/Mn tt^ffltf>»£\ ¥**7*£ 

AI/MnJt**/h*v>J»^fBtf Hi^MnO Al/Mn 
[0 0 2 7] Lfc^oT, #|WJ£i5V*-C(±* Al/Mn<7) 

[0 0 2 8] C:C(ia«±#U#-9-i-*5c*-c** 
o. 05%**-C(±Buet««-r * - 1 (iH»-c* 19 , 

4 , 0. 1 3 % £ & X. T D + h k * 

tt*#ffc3*&o L/:^ot, COi^*D*(±0.05-0.13 
%<D$EH<h1-£o »4t<ii> 0.08-0.13%~e£>£ o 

[0 0 2 9] SiiSili. IttK^^feUdZ^^TC*^** 
^\ 0.05%*»|-eti-e-OS(l*7&^i<> 4fc, 0.60%£ 
BxTi61ni-r*4:»»tt*SUft***o Z-<Dtztb, Sico 
^SPSI30.05-0.60%OtEBt1"&o #4L<t^ 0.10 
-0.30%-C*£o 

[0 0 3 0] Mn:Mn(±, J: WW** 
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»*«^&<, 1.00%Srjfflx.-C#*UigiP+*t 

4(i0-50-1.00 96O|gHi:i-^o «F«iEBI*, 1.00 96* 

[ 0 0 3 1 ] Cu:Cu(i, »«tt^>5fc»^*»4:5c*t?* 

0-30%**l"C(i-f-OJ:d*a*(i^Sr<, 4£, 0. 
50% 5:@x.t vSsiPl" & t , & H*PX*J L*?i~ 
10 Lfc^oT, Cucof35SP*<i0.30-0.50%O^Hi:-r 

o 

[0 0 3 2] Cr:Cr(i, CufcRflL IHRtei3 J: OWilSl 
JKO±#tZ*S»45c*-C* * 0. 50%*«T-(i CO j: 

9 43b#ei^& < , 4fc. i.oo%*jBx.r#*uifitDl" 

Cr<7)v^*Piii0.50-1.00%cO|gak^^o ffiL< 
li, 0.50-0.70%-C£>£ o 

[0 0 3 3] NilNiii, 5ftftk«H40l6l±i3J:tr*Cua 
OlRBiDXlHltt^KjtU^ftx*"^****. 0.05% 
20 *id-e<iC^J: : 7i«i*«i^ft<, 4 fc, 0.40% £6*. 

"C*^o U:35 ? ot, NiO}S*D*ii0.05-0.40%O|EH 
ki"^o »4 L < Ii0.25-0.35%-C**o 
[0 0 3 4] MolMoli. KtaaKSrltfRi-ifci&i^'Pr 
*07c3R-e*«9, 600 TC^i5it*»*S:*:«U±#S"* 
h 0 L7^L&^, 0.30%*«rJic:oJ:-9iSli*li^ 

4^c. o.eo%im^xmn^&tm&&&£V!m 
mm^m&tf&it-? tfc^r, Moco?s*p»iio.3o 

-0.60%c7)$EHki-^c »4L<i±. 0.40-0.50%T-* 
50 So 

[0 0 3 5] TilTiii, SSftJBWffiO^-^-r^^ h 
t^L^ 0.005 %*»"C(i*36»-6«l*i±^&<, 4fc, 

0.030 % *3BA r astral -6 kJSfttt^ffc1-*o 

oT, Ti^iSJD*(i0.005 -0.030 %OtEHki-^>o *f 

4 L<(i> 0.010 -0.020 %X~hho 

[0 0 3 6] V : v«i, WffiaftUJ: f)»K±#^*» 

*7C*-C*-2>^ 0.005 %5fci»"CliiOJ:9ftS**«<5 
^0 kA,trJHflFHl#r. 0.080 %*«xTiB£fc8ain 

005 -0.080 %<DmmtiTZ>o ffiKli 0.030-0.05 
0 %T-*So 

[0 0 3 7] sol.AI : AlliSMttKKflffllfc Ltftffl 
L. ^ofl!#o^OfflS<t*a twit 
*»**o 4?t. *»WO#«"e*)4AI-Mn«*ttjfc»4: 

0.005 % JiT^^ti-eii : off W ^ ^4 04 

I) . A I ^ 1" jf T 1t&m tSr* Kib^ tf-C ft 4 

50 v^ 0 L^L0.015 %«:jBx.T**S*4i:AIO||*W* 
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+&wtojii>*&tg&tz#>s AI2O3 (A\mi%o%.fc) t 

»<bit£^o Lfc* f oTsol.Ali$inl:<i0.003 %S. 0. 
015 %WT, flPSL<(i0.005 -0.010 %0|EH t-f 

[0 0 3 8) AI-HntS-i-BSft^O^fe^WAI/MnJt : 
ffi&nm 1 J^^dW^^iil HAI/Mn<7)JrW s 2.0 £® 

ut» ge5ti--&Ai-MnH^si^^^?n-r\ Al 

##Al2 03 tiotLHo L^U -5-<7)Jt74 s 0.5 
t^-^i-r* ilM^fl^BfclbftMnO iiotLll, L 
^* s oTAI/Mn?r0.5 -2.0 WfSH<>:i-&o $Ji L < it 
0.7-1.5 T-&& 0 

[0 0 3 9] Al -Mntt-frBKLW I £ <b (CHAZ ial4&#<0 

s-ea-it-ciGF sr&jfts**,, e^Ea^-o a"" 

[0 0 4 0] ifcXfS^fcl&O^lftSi: Ltli, 
»«»::» I, TOHAZ KMflltotli, &g 

liSO.02-1.0 yum OJ&T-t?, 0.05-0.2 wt%OtlJ-g"C 

[0041] ipjfeffljiEirBtiiiEEffiuffejtoin^iaaEuo 

Tim^lOOO'Ci: L. — Cuj^JPlcj: 
&&MJE®+^WiQX#Jft£^Jti-* .LIE £12 

00X: t-T^o ifi L < l±1050-1200t:T*$)^o 
[0 0 4 2] *fr»j**:f»HB]Effi»T», iPii^±P£ff 

£0 ^3J£l±20t;/tl>*&;i£Bi^»£fr -5 

[0 0 4 3] **flfjt»ft:4fc»ft««<afc*!>*Jfrflf 
lbi&J£t±400 ■CWTt-t&o 4fiL<(±400 -200*0, 



(5) 8-2 0 8 3 8 
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ZblZlfti L< (±370 - 270 , Ct:£& 0 f^iPiT-T'JiSA 
K a 1 * < , 1314 <> #f b-*- 4 - t , 5* SVs«514 <7> / < 7 
> * £ f£ *> , 3EU Ciiit UiB Hi" 4 l*i 
^&Br*Et-l*C**t\ ?£*Pf£400 IC-Ao +40X: 

<?>s.mmzi}mL, &§-tz> 0 :<oi # oaa&i&Kjwo 

0 'C*«t:(±?$.acOfg:T* ? ^ < > «tt<>»L<»v\, Ac 

9 5**<±ftTi-4a t ttte* I *L <^-fki-4o L^ f o 
r, TOn&iSJK(±4oo *c~aci +40 < c<oiEBt l, —& 
jo ea 400-720 ttL, *-<of&£<tu iKin^&tt«rf£ 

[0 0 4 4] #f&^o!?lJ&i UTO«it*ffiU 

Rj&sffii** iwaofeaft^oKjtasfcBai-e** 

*£*PfflLi&)££600 "C-450 1 1 Jt^flmiS t IT Z> 
[0 0 4 5] i-^t>*>> .I<D*£\ ^iP#jLi£i*34 ? , 60 

0 x:m-?imm*&t. 450 r*«-eii*L<iait 

ihiEiSli 470-570 ^U, 

v^r$ t>(c**ftW*#figL4**t>#3£i-4o 

[0 0 4 6] 

[*M0!l] « 1 i= i ^ 2i:$t y>T^i-|H&^£*i- 

^4lCit<6T^i- 0 3fc^!|{Ci3V»-r, Al/Mn <0Jtt±?^SS 
-2.0 CMLfc. WRRtlli^oaiJo 
50 [0 0 4 7] *)*A*HAZ : WaJ»*^ ^ I 
iD^?£J^1350 , CX 5t>\ 800 #^500 -CO^iP^Pfl 
400sec, A^*300KJ/cmffi^ o 
[0 0 4 8] **)Y«ix : Y?gjfcJfc«*Lt«ft*fTVV 
"O" (i^T-iiJ^^f&^L^^o^iogiS Z2158H 
iS6i») o 

[0 0 4 9] : #»WKSr**ffl/h*-C2^ 

Wtfvs SM50A <OEAKfl-*lfej*t LT, KAKifi-**-?- 
O*a-J0LT*r "O" , 4^*£^x.4io£ "x" tL 

40 [0 0 5 0] 
1^1] 
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